Science grows and cumulates on the research fronts of disciplinary specialties, implying that the most fruitful citation analyses will be those looking at well-defined specialties or subspecialties. The entire literature on centrality and productivity from 1948 to 1979 is used to construct a citation network. Methods are proposed for the analysis of the connective structure of such networks and then applied to the centrality-productivity citation structure. These methods permit identification of the main paths through this literature, distinct intellectual phases, and key articles contributing to the cumulative formation ofknowledge about centrality and productivity in social networks. From 1948 through 1956, centrality and program were integrated in a single research program. By the early 1960s, there were two research streams. One focused on measuring centrality in graphs but lost the substantive focus on productivity. The other branch continued the experimental focus on productivity but lost the idea of centrality.
repeated in Garfield (1979) , having been highly edited. There are 40 nodes in that network, constructed from 69 scientific productions, and it is clear that the research literature of such a field is much larger than this. The Institute for Scientific Information (ISI) account was predicated on the history written by Asimov (1963) in The Genetic Code. Asimov provided the first editing, and the ISI research team provided the second. It is possible that the simple elegance of the main path analysis in the DNA network is an artifact arising through the simplification of a highly complex citation network.
In order to have a serious examination of the utility of connectivity methods, it is necessary to apply them to other citation networks. It is clear that such networks should be larger and, moreover, not pruned in the radical and extensive way that the DNA network was pruned. In order to satisfy the second property, the citation network should be focused on a specialty literature. Moreover, all the relevant research productions must be inc1uded.I Rather than defining &dquo;network analysis&dquo; as a research area (one that is rapidly growing, is quite highly developed, rests on many disciplines, and has a vast literature), we have elected to focus on the specific part of that literature dealing with centrality and productivity. research together is the common focus on the issue of centrality and its implications for network processes. This research specialty has an obvious starting point in the work of Bavelas (1948, 1950) . There is also a clear endpoint to a particular phase of research dealing with centrality. Although the intuitive idea of centrality is clear, its precise operationalization has been confused. Figure 1 that most of the production took place during the 1950s and production tailed off after that, particularly in the 1970s. The cumulative production has the general S-curve that Crane (1972) sees as a characteristic of research specialties, although, in part, this is an artifact of plotting cumulative data. There are 632 citation links between the 119 research productions generated by this research group. At the outset (1948) it was not clear which publications would prove to be important, as that can be determined only by later publication activity. We emphasize that science is cumulative and the research literature of an area has structure -the structure created by the evolution of knowledge.
distribution.
This knowledge is produced in a &dquo;theory group&dquo; as described by Mullins (1973) . Mullins delineates four stages: (1) normal, (2)network, (3) cluster, and (4) specialty or discipline. The most important aspect of the development process for a specialty is the &dquo;communication structure&dquo; of the research group. It is a straightforward process to show that the centrality-productivity area appears to conform to the stages and processes described by Mullins. This communication is located in the citation network, and these links can be treated solely as citation links in a network of citations (compare Price, 1965) . The links suggest the passage of theoretical ideas, experimental design, empirical results, modeling strategies, or any combination of them.
There is bound to be random error, some because of suspect citation, but it is highly likely that such errors will be seen as the random events they are.
Connectivity Methods
The centrality-productivity literature network is complete, as all known citations among these research productions are included. node.9 In this manner, we define a path through the network that follows the structurally determined most-used path. We label this path the main path through the network. This link selection technique is an example of the priority first search algorithm, where traversal counts set the priority.
Our intuition is that the main path, selected by the most-used path, will identify the main stream of the literature. Figure   2 . However (see note 9), the main path from node 2 terminates in node 118. Although by definition the main path for the whole structure must start at node 1, some attention should be given to paths terminating at node 118.
The early part of this main stream focuses on experimental studies of social psychological processes in task-oriented groups and runs from node 1 through node 50. After node 50, the main path branches into two streams. Using search path link count (SPLC) and search path node pair (SPNP) connectivity methods, the next node in the main path is node 59, as shown distribution. points out, degree centrality, nearness centrality, and betweenness centrality are distinct and need to be distinguished if the structural consequences of centrality are important. Throughout the early phase of the main path, the major thrust and inventiveness came in the design of variations of the fundamental experiment. However, these researchers did not probe deeply the meaning of centrality.
The right branch in the main path after node 50 continues the experimental study of productivity in small groups and culminates at node 118. As time passed, the work of these experimentalist exhibited less and less concern with centrality and, more generally, with the structural properties that led to their results. The experimental structures were assigned names, and the results were couched in terms of the relative performance of &dquo;wheels,&dquo; &dquo;stars,&dquo; and so forth. In effect, after the work of Shaw and Rothschild (node 50), the earlier tradition that integrated work on centrality with work on productivity split into two research streams. One group worked on centrality while the other worked on productivity.
Another way to examine the structure of the main path or paths through a citation network is to construct the network of main paths. We compute a main path from every nonterminal node in the network. We then use the links in these paths to define the network of main paths. Figure 2 presents part of this network, 10 whereas using NPPC yields Figure 3 The major knowledge bases for this (centrality-productivity) specialty can be found in social psychology, communications, and organization theory. We coded each research production according to the presence or absence of these properties. We found no differences in the relative distribution of these characteristics across the different cluster groups. Further, the presence or absence of experimental methods does not distinguish the three cluster groups. However, when we consider the presence or absence of graph theory, the three groups have different distributions; see Table 2. distribution. Figure 2 with the highest traversal count is to article 6. For defining main paths, nodes 2, 3, 4, and 5 are now all available as the start point for a main path from them. Node 2 starts another path where the first link is to node 3: this path will continue from node 3 (going to node 10), so node 3 cannot start a main path. Nodes 4 and 5 start main paths; however, they start paths that quickly lead to an extant main path.
10. We have omitted from Figure 2 nodes with paths that do not end with these two articles. These omitted nodes generate six more main paths, each involving one to six nodes. These residual paths represent individuals or groups who cite their own work, and that work was never cited by others in the field.
11. The split into two terminal nodes in Table 1 can be seen as a composite from Figure 2 and 3.
12. Consistent with this argument, the cross-tabulation of the identified groups by publication status is:
For this table, &chi; 2 (2) = 26, p = 0. The proportion of published papers is highest for the crucial set of articles and lowest for the peripheral, as would be expected. Through time, the proportion of papers published each decade climbs steadily from 50% to 100% (&chi; 2 [3] = 13.2, p = .004).
